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Abstract: We propose a supersymmetric extension of the anomaly-free and three families nonuni-
versal U(1) model, with the inclusion of four Higgs doublets and four Higgs singlets. The quark
sector is extended by adding three exotic quark singlets, while the lepton sector includes two exotic
charged lepton singlets, three right-handed neutrinos and three sterile Majorana neutrinos to obtain
the fermionic mass spectrum. By implementing an additional Z2 symmetry, the Yukawa coupling
terms are suited in such a way that the fermion mass hierarchy is obtained without fine-tuning.
The effective mass matrix for SM neutrinos is fitted to current neutrino oscillation data to check the
consistency of the model with experimental evidence, obtaining that the normal-ordering scheme is
preferred over the inverse ones. The electron and up, down and strange quarks are massless at tree
level, but they get masses through radiative correction at one loop level coming from the sleptons
and Higgsinos contributions. We show that the model predicts a like-Higgs SM mass at electroweak
scale by using the VEV according to the symmetry breaking and fermion masses.
Talk presented at the 2019 Meeting of the Division of Particles and Fields of the American Physical
Society (DPF2019), July 29–August 2, 2019, Northeastern University, Boston, C1907293.
1 Introduction
A U(1)X extension of the Minimal Supersymmetric Standard Model is built and explored by con-
sidering a non-universal X charge assignation that makes the model anomaly free with the inclusion
of additional quarks, leptons, Higgs doublets and singlets [1]. The standard model fermion sector is
examined and provides neutrino masses through a see saw mechanism ensuring the correct squared
mass differences and the correct CKM and PMNS mixing matrices because a previous work re-
sult. Furthermore, 3 fermions become massless but acquire a finite mass value through radiative
corrections thanks to the coupling to a scalar Higgs singlet which does not acquire a VEV. The
scalar sector is explored and it is found the conditions for having the lightest of them as a 125 GeV
CP-even Higgs boson which depends only on the GeV VEV. Meanwhile the other mass eigenstates
lies in the Tev Scale; as well for the charged and CP-odd higgs bosons.
2 Scalar sector
The Lagrangian for the scalar sector that describes the minimal supersymetric extension to the
U(1)X model in the literature is given by the addition of F-terms, D-terms and a soft-supersymetry
breaking potential. The F-terms were obtained from the following superpotential:
Wφ = −µ1Φˆ′1Φˆ1 − µ2Φˆ′2Φˆ2 − µχχˆ′χˆ− µσσˆ′σˆ. (1)
Therefore, the F-terms’ potential for scalar fields is given by
−VF = µ21(Φ†1Φ1 + Φ′†1 Φ′1) + µ22(Φ†2Φ2 + Φ′†2 Φ′2) + µ2χ(χ∗χ+ χ′∗χ′) + µ2σ(σ∗σ + σ′∗σ′). (2)
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Table 1: Scalar content of the model, non-universal X quantum number, Z2 parity and hypercharge
Higgs
Scalar
Doublets
Higgs
Scalar
SingletsX± Y X± Y
Φˆ1 =
(
φˆ+1
hˆ1+v1+iηˆ1√
2
)
+ 2/3+ +1 χˆ =
ξˆχ+vχ+iζˆχ√
2
+ 1/3+ 0
Φˆ2 =
(
φˆ+2
hˆ2+v2+iηˆ2√
2
)
+ 1/3− +1 σˆ − 1/3− 0
Φˆ′1 =
(
hˆ′1+v
′
1+iηˆ
′
1√
2
φˆ−′1
)
− 2/3+ −1 χˆ′ = ξˆ′χ+v′χ+iζˆ′χ√
2
− 1/3+ 0
Φˆ′2 =
(
hˆ′2+v
′
2+iηˆ
′
2√
2
φˆ−′2
)
− 1/3− −1 σˆ′ + 1/3− 0
On the other hand, the D-terms potential, consequence of gauge invariance, reads:
−VD = g
2
2
[
|Φ†1Φ2|2 + |Φ′†1 Φ′2|2 + |Φ′†1 Φ1|2 + |Φ′†1 Φ2|2 + |Φ′†2 Φ1|2 + |Φ′†2 Φ2|2 − |Φ1|2|Φ2|2
− |Φ′1|2|Φ′2|2
]
+
g2 + g′2
8
(Φ†1Φ1 + Φ
†
2Φ2 − Φ′†1 Φ′1 − Φ′†2 Φ′2)2
+
g2X
2
[2
3
(Φ†1Φ1 − Φ′†1 Φ′1) +
1
3
(Φ†2Φ2 − Φ′†2 Φ′2)−
1
3
(χ∗χ− χ′∗χ′)− 1
3
(σ∗σ − σ′∗σ′)
]2
(3)
Finally, the soft supersymmetry breaking Lagrangian turns out to be:
−Vsoft = m21Φ†1Φ1 +m′21 Φ′†1 Φ′1 +m22Φ†2Φ2 +m′22 Φ′†2 Φ′2 +m2χχ†χ+m′2χχ′†χ′ +m2σσ†σ
+m′2σ σ
′†σ′ − µ211ij(Φ′i1Φj1)− µ222ij(Φ′i2Φj2)− µ2χχ(χχ′)
+
2
√
2
9
(−k1Φ†1Φ2χ′ + k2Φ†1Φ2χ∗ − k3Φ′1†Φ′2χ+ k4Φ′1†Φ′2χ′∗) + h.c. (4)
2.1 CP-Even scalar particles
After symmetry breaking all Higgs doublets and singlets aquire a VEV which allows us to construct
the following a squared mass matrix for CP-Even scalar particles
1
2
M2h =
(
Mφ Mφχ
MTφχ Mχχ
)
, (5)
Mφ =
f4gv
2
1 − v2f1k9v1 −
v′1µ
2
11
2v1
−f4gv1v′1 − µ
2
11
2 f2gv1v2 +
f1k
9 −f2gv1v′2
∗ f4gv′12 − v
′
2f2k
9v′1
+
v1µ211
2v′1
−f2gv′1v2 f2gv′1v′2 + f2k9
∗ ∗ f1gv22 − v1f1k9v2 −
v′2µ
2
22
2v2
−f1gv2v′2 − µ
2
22
2
∗ ∗ ∗ f1gv′22 − v
′
1f2k
9v′2
− v2µ222
2v′2
,

2
Mχχ =
g2X18 v2χ + v′χµ2χχ2vχ − k2v1v2−k3v′1v′29vχ −g2X18 vχv′χ − µ2χχ2
∗ g2X18 v′χ2 +
vχµ2χχ
2v′χ
− −k1v1v2+k4v′1v′29v′χ
 (6)
Mφχ =
1
9

k2v2 − g2Xv1vχ −k1v2 + g2Xv1v′χ
−k3v′2 + g2Xv′1vχ k4v′2 − g2Xv′1v′χ
k2v1 − 12g2Xv2vχ −k1v1 + 12g2Xv2v′χ
−k3v′1 + 12g2Xv′2vχ k4v′1 − 12g2Xv′2v′χ
 (7)
Where we have defined fig =
g2+g′2
8 +
i
18g
2
X The above structure fulfill the conditions for im-
plementing a seesaw mechanism due to the large value of µχχ, comming from the soft breaking
potential. Then after block diagonalization the mass eigenstates are found in a tree level aproxi-
mation.
m2h6 ≈ µ2χχ
v2χ + v
′
χ
2
vχv′χ
m2h5 ≈
g2X
9
(v2χ + v
′
χ
2)− 2
9
v1v2(k2v
′
χ − k1vχ) + v′1v′2(k4vχ − k3v′χ)
vχv′χ
m2h4 ≈ µ222
v22 + v
′2
2
v2v′2
m2h3 ≈ µ211
v21 + v
′2
1
v1v′1
m2h2 ≈
2v2(v1v2(k1v
′
χ − k2vχ) + v′1v′2(k3vχ − k4v′χ))
9(v21 + v
′2
1 )(v
2
2 + v
′2
2 )
m2h1 ≈
g2X(2v
2
1 + v
2
2 − 2v′21 − v′22 )2
9(v21 + v
2
2 + v
′2
1 + v
′2
2 )
+
(g2 + g′2)(v21 + v22 − v′21 − v′22 )2
4(v21 + v
2
2 + v
′2
1 + v
′2
2 )
(8)
Then, it is possible to get a 125GeV CP-even scalar particle, compatible with the observed Higgs
boson for several sets of VEV which should accomplish v21 + v
2
2 + v
′2
1 + v
′2
2 = v
2 = (246.22GeV )2.
This condition is mandatory in order to get the correct value for gauge bosons. For example con-
sidering v′1 = 20.577, v′2 = 52.577, v′1 = 195.681, v′2 = 138.367, and gX = 0.769 a 125 GeV is found.
Nevertheless, the matrix structire for CP-odd scalar particles and Charged scalar particles shows
a very similar one, whose mass eigenstates result in similar expressions.
2.2 Gauge boson masses
As consequence of the inclusion of the symmetry U(1)X , a new gauge boson Z
′ is predicted, and it
has to be included in the covariant derivate.
Dµ = ∂µ − igW aµTa − ig′
Y
2
Bµ − igXZ ′µ (9)
Therefore the gauge boson masses are determined by the interaction terms, which are present in the
scalar field kinetic terms. On one hand the charged bosons W±µ = (W 1µ ∓W 2µ)/
√
2 acquire masses
3
MW =
gv
2 . On the other hand the neutral gauge bosons (W
3
µ , Bµ, Z
′
µ) make up a squared-mass
matrix after SSB given by:
M20 =
1
4
g
2v2 −gg′v2 −23ggXv2(1 + cos2 β)
∗ g′2v2 23g′gXv2(1 + cos2 β)
∗ ∗ 49g2XV 2χ
[
1 + (1 + 3 cos2 β) v
2
V 2χ
]
,
 ,
where we have defined:
v2 = v21 + v
2
2 + v
′2
1 + v
′2
2 = (246.22GeV )
2 (10)
tanβ =
√
v22 + v
′2
2√
v21 + v
′2
1
≡ V2
V1
(11)
V 2χ ≡ v2χ + v′2χ (12)
Despite in this model we have 4 Higgs doubles, it recreates the same mass structure found in [2]
when adopting the definitions (10-12). Thus, in the gauge boson sector we can split in two the
acceptable parameter values given in the same reference in order to know the possible values for
doublets VEV. Nevertheless, it also means that the neutral boson mass eigenvalues are already
determined.
Mγ = 0 MZ ≈ gv
2 cos θW
MZ′ ≈ gXVχ
3
, (13)
where tan θW =
g′
g , as it is defined in the standard model. Also, the PMNS matrices [3], [4] are
reproduced since in the no-SUSY version of the theory guaranties it.
3 Fermion sector
3.1 Quark masses
According to the SU(2)L⊗U(1)Y ⊗U(1)X ⊗Z2 symmetry, the most general superpotencial for the
quarks superfields is given by:
WQ = qˆ
1
Lφˆ2h
12
2u(Uˆ
2
L)
C + qˆ2Lφˆ1h
22
1u(Uˆ
2
L)
C + qˆ3Lφˆ1h
3k
1u(Uˆ
k
L)
C − qˆ3Lφˆ′2h3j2d(Dˆ2L)C + qˆ1Lφˆ2h12T TˆCL
+ qˆ2Lφˆ1h
2
1T Tˆ
C
L − qˆ1Lφˆ′1h1a1J(JˆaL)C − qˆ2Lφˆ′2h2a2J(JˆaL)C + TˆLχˆ′gχ′T TˆCL
+ JˆaLχˆg
ab
χJ(Jˆ
b
L)
C + TˆLχˆ′h2χ′u(Uˆ
2
L)
C + JˆaLσˆh
aj
σJ(Dˆ
j
L)
C + TˆLσˆ′hkσ′T (Uˆ
k
L)
C , (14)
It allows us to construct the squared mass matrices for up-like and down-like quarks. In both
cases it is found that SM model particles mixing matrix depends on the small valued VEV vi, v
′
i,
i = 1, 2 while the mixing matrix between exotic particles turns out to depend on the singlet VEV
vχ, v
′
χ. In this way a seesaw mechanism can be implemented, in such a way that the rotated mass
matrices can be read as follows.
m
2
U =
(
V
(U)
L
)T
M2UV
(U)
L =
(
m2U 0
0 m2T
)
m
2
D =
(
V
(D)
L
)T
M2DV
(D)
L =
(
m2D 0
0 m2J
)
,
m2U ≈
1
2
 υ22r21 υ1υ2r1r2 0υ1υ2r1r2 υ21r22 0
0 0 υ21
(
a231 + a
2
33
)
 m2D = 12
0 0 00 0 0
0 0 υ22
(
B231 +B
2
32 +B
2
33
)
 ,
m2T ≈
1
2
υ2χ
(
c22 + h
T2
χ
)
m2J ≈
υ2χ
2
(
k211 0
0 k222
)
.
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Table 2: Quark content of the abelian extension, non-universal X quantum number and parity Z2.
Left-
Handed
Fermions
Right-
Handed
FermionsX± X±
SM Quarks
qˆ1L =
(
uˆ1
dˆ1
)
L
qˆ2L =
(
uˆ2
dˆ2
)
L
qˆ3L =
(
uˆ3
dˆ3
)
L
+ 1/3+
0−
0+
uˆ1 cL
uˆ2 cL
uˆ3 cL
dˆ1 cL
dˆ2 cL
dˆ3 cL
− 2/3+
− 2/3−
− 2/3+
+ 1/3−
+ 1/3−
+ 1/3−
Non-SM Quarks
TˆL
J 1L
J 2L
+ 1/3−
0+
0+
Tˆ cL
Jˆ cL
Jˆ c 2L
− 2/3−
− 1/3+
− 1/3+
Despite the standard model particles lies on the electroweak scale, this mass matrices gives as
a result a massless up, down and strange quark. Nonetheless they can aquire a mass value through
radiative corrections thanks to the coupling to the scalar singlet σ as shown in figure 1
3.2 Leptons
Analogously, the lepton superpotencial correspond to the non-SUSY potential; with the fields
promoted to superfields and the conjugate Higgs fields promoted to the primed ones. Then the
superpotenial reads as follows.
WL =ˆ`
p
Lφˆ2h
pq
2ν(νˆ
q
L)
C + ˆ`pLφˆ
′
2h
pµ
2e (eˆ
µ
L)
C + ˆ`τLφˆ
′
2h
τr
2e(eˆ
r
L)
C + ˆ`pLφˆ
′
1h
p
1E)Eˆ
C
L
+ EˆLχˆ′gχ′REˆCL + EˆLσˆh
r
σe(eˆ
r
L)
C + EˆLµEECL + EˆLχˆgχE EˆCL
+ EˆLσˆ′hµσ′e(eˆµL)C + EˆµE EˆCL + νˆjCL χ′(h′Nχ )jiN iCL +
1
2
N iCL MijN
jC
L ,
In a similar way, the conditions for implementing a seesaw mechanism are given in the matrix
structure. In this case the lightest fermion, identified as the electron, turns out to be massless but
it acquire a finite mass value through radiative corrections due to the interaction with the scalar
singlet σ
ME = 1√
2

0 heµ2ev
′
2 0 h
E
1ev
′
1 0
0 hµµ2e v
′
2 0 h
E
1µv
′
1 0
hτe2ev
′
2 0 h
ττ
2e v
′
2 0 0
0 0 0 gχ′Ev
′
χ −µE
0 0 0 −µE gχEvχ
 (15)
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Figure 1: Mass one-loop correction for (a) up and (b) down sector, where k, l,m, n = 1, 2 and
j = 1, 2, 3.
Table 3: Lepton content of the abelian extension, non-universal X quantum number and parity Z2.
Left-
Handed
Fermions
Right-
Handed
FermionsX± X±
SM Leptons
ˆ`e
L =
(
νˆe
eˆe
)
L
ˆ`µ
L =
(
νˆµ
µˆµ
)
L
ˆ`τ
L =
(
νˆτ
τˆ τ
)
L
0+
0+
−1+
νˆe cL
νˆµ cL
νˆτ cL
eˆe cL
eˆµ cL
eˆτ cL
− 1/3−
− 1/3−
− 1/3−
+ 4/3−
+ 1/3−
+ 4/3−
Non-SM Leptons
EˆL
EˆL
−1+
− 2/3+
EˆcL
EˆcL
+ 2/3+
+1+
Majorana Fermions N 1,2,3R 0−
6
Figure 2: Electron’s one loop correction to electron’s mass.
which in this particular case, the SUSY and non-SUSY contributions are given by:
v2Σ
NS
11(13) =
−1
16pi2
v2√
2
λ1µσh
ece(τ)
σ he1E
ME
C0
(
m′h1
ME
,
m′σ
ME
)
. (16)
v2Σ
S
11(13)(p
2 = 0) = − 1
32pi2
v2√
2
10∑
n=1
2∑
k=1
Z
E˜cLn
L Z
E˜Ln
L Z
σk
L Z
σ′k
L λ1µσh
ece(τ)
σ h
e
1E× (17)
×
[
(m˜σk + m˜
′
h1
)2
M˜2Ln
C0
(
m˜′h1
M˜Ln
,
m˜σk
M˜Ln
)
+ m˜′2h1B0(0, m˜
′
σ, M˜Ln) + m˜
2
σkB0(0, m˜
′
h1, M˜Ln)
]
Anyway, when considering the neutral leptons, the Majorana fermions are expected to be heavy,
then the standard model neutrinos acquire small mass values due to seesaw mechanism. The model
generates the correct squared mass differences reported for neutrino oscillations [6]. However, that
is a result that arise from the no-SUSY version of the model [2]
4 Conclusions
It is shown that the U(1)X extension of the MSSM is compatible with the SM physics and a 125GeV
scalar particle through 4 VEV at the electroweak scale. It allows to fermions with different iso-spin
to get coupled to different Higgs doublets, and showing that it is possible to get a big top-quark
mass since it becomes decoupled and the corresponding VEV is found to have a big value too.
Anyway, it is yet unexplored the neutralino and chargino physics as well as sfermions fenomenology.
Furthermore, through parity breaking terms it can be considered the µ-problem, but for it now the
model implications are unexplored.
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